Conformational equilibrium of an enzyme catalytic site in the allosteric transition.
The dynamic equilibrium of a catalytic site between active and inactive conformations, the missing link between the structure and function of allosteric enzymes, was identified using protein engineering and NMR techniques. Kinetic analyses of the wild-type and three mutants of Thermus L-lactate dehydrogenase established that the allosteric property of the enzyme is associated with a concerted transition between the high-affinity (R) and low-affinity (T) states. By introducing mutations, we prepared an enzyme in which the R and T states were balanced. The conformation of the enzyme-bound coenzyme, NAD+, which interacts directly with the substrate, was analyzed using NMR spectroscopy. NAD+ bound to the mutant enzyme was in a conformational mixture of the active and inactive forms, while NAD+ took on predominantly one of the two forms when it was bound to the other enzymes we had analyzed. We interpret this to mean that the catalytic site is in equilibrium between the two conformations. The ratio of the conformers of each enzyme agreed with the [T]/[R] ratio as determined by kinetic analyses. Therefore, it is the identified conformational equilibrium of the catalytic site that governs the allosteric regulation of the enzyme activity.